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EP 0 630 909 B1 

Description 

Technical Field of the Invention 

5 The present invention is in the technical field of dispersion polymerization, and in particular dispersion polymeriza- 
tion of ethylenically-unsaturated monomers to produce water-soluble polymers. Especially, the present invention refers 
to a process for preparing a water-continuous dispersion of a water-soluble polymer that has not only a low end-product 
viscosity and permits rapid dissolution of the polymer in water but also provides control over the peak-in production vis- 
cosity parameter 

10 

Packground of the invention 

Water-soluble synthetic polymers are widely used as flocculating agents, dehydrating agents, papermaking chem- 
icals, dispersants, soil improvers, and the like. The polymers are hydrophilic due to the present of ionic and/or highiy- 

15 polar mer units within their polymeric structure. Water-soluble polymers may be anionic, cationic, amphoteric or polar- 
nonionic (such as polyacrylamide). Water-soluble polymers generally have weight average molecular weights of at least 
about 1 ,000, and commonly much higher, and of course do not have water solubility characteristics comparable to inor- 
ganic salts such as sodium chloride. Instead aqueous solutions of water-soluble polymers often are significantly vis- 
cous at polymer concentrations of even 5 or 10 weight percent. When these polymers are used in aqueous systems as 

20 f locculants, dispersants and the like, their use concentrations are typically very low, and often as low as several parts 
per million (ppm) or even parts per billion (ppb). When used at low concentrations the viscosity problems seen at higher 
polymer concentrations are, of course, not encountered. 

An optimal polymerization technique is one that both is itself commercially practicable and produces a polymer in 
a form best suited for the commercial use of the polymer, including commercial factors such as storage and shipping of 

25 the polymer product. When the intended commercial application of the polymer is dependent at least in part on the pol- 
ymer's water-solubility, the ease of solubilization/dispersion of the polymer in the use environment and/or polymer feed 
fluid is often a primary factor, but nonetheless generally not a factor that wholly outweighs other commercial practicali- 
ties. Commercial polymerization techniques generally include polymerization of monomers in solution, in suspension, 
held within an emulsion or in bulk (neat), each of which have advantages and disadvantages as to the polymerization 

30 process, the form in which the product is supplied, the extraneous materials contained in the polymer product and the 
ease of solubilization/dispersion required for use, discussed below. 

Water-soluble polymers are seldom supplied as water solutions because of the relatively high viscosities of the 
solutions at relatively low polymer actives. If the viscosity of such a solution is sufficiently low for the intended disper- 
sion, the polymer concentration is almost always too low for storage and shipment without extravagant costs and labor 

35 and energy outlays. Solution polymerization to provide a polymer solution without further processing is for this and other 
reasons not normally the polymerization technique of choice. Solution polymerization to provide a polymer in other than 
solution form requires either the solvent to be dried or stripped off or the polymer to be precipitated out of the solution, 
all of which require undesirable additional processing steps. 

Polymers are sometimes supplied as dry powders (typically from about 85 to about 95 wt. percent actives), which 

40 concentrated form of a polymer reduces the storage/transport burdens, but requires additional processing, and the 
attendant time, labor and energy expenditures, at both the manufacturing and application ends. Dry polymer powders 
must be reco vered from some type of vehicle or solvent by some type of drying or stripping process, and later require 
solubilization/dispersion processing before use. Not only is energy consumed in drying the polymer at elevated temper- 
atures. but also the heating can bring about a three-dimensional polymer crosslinking, creating water-insoluble por- 

45 tions. Using a dry polymer to prepare, for instance, a polymer feed solution often requires a slow addition of the polymer 
to the water, followed by extended agitation and/or aging time periods. When the dry form is desired, a suspension 
polymerization technique will generally provide a polymer most easily recovered from the polymerization medium with 
the minimum of extraneous materials, but such suspension polymerization commonly uses as the hydrophobic solvent 
flammable substances such as cyclohexane, toluene and the like, and again a significant cost is required for the recov- 

50 ery energy and apparatus. The desire for a relatively unadulterated polymer is an underlying reason why polymers in 
dry form are nonetheless selected. 

Polymerization without a solvent or fluid vehicle, for instance by bulk homogeneous polymerization or photopolym- 
erization of a neat admixture of monomers, will produce a solid polymeric mass, and not a high surface area powder. 
Solid masses of polymers are of course even more difficult to soiubilize/disperse. Bulk polymerization techniques are 

55 routinely limited to polymers used as the solid mass produced, and are not used for producing easily solubilized water- 
soluble polymers. 

An emulsion that contains a polymer in its dispersed phase is often a convenient medium for a polymer-containing 
product An emulsion frequently can hold a reasonably high concentration of a polymer while remaining fluid, and the 
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No. Re. 28,474. (reissued July 8. 1974, D. ^^^^J^SJon Either method provides a water-in-oil 
polymerization or dispersion of preformed polymer m an* ^^^^^^a^eniertquan. 
uZor emulsion that canbe stored and ^^ n ^^^^^^^.^ & . 
Uty of water and inverted. The inversion releases the J^SJSK are preferably produced, have met with 
« i*oil emulsions, and the polymerization or *P""^^^ for instance weight average 

great commercial success work» 

" sion of the emulsion into the intended JSS?. J*»{ unadulterated poly- 

oil and surfactants used in the emuls,on PolymenzaUon. ^"JJ^^^ » ^ p,^ or riw. ol the 
mer is often a reason polymers in dry form ^^^'£^ q ^ s component of the emulaon before 
latex, isolation of the polymer from the o.l surfacton* and ^^pTeSwou^e the advantages provided 
. useisgeneral.ynotcommerciallyr^ 

by this form of a polymer product. r^MjlV- f^^V he amount of extraneous substances being 
requires inverting agents (water-soluble surfactants), which increase -mm fc ^ 

charged to polymer feed solution and thus to Stfthe emulsion'the water-in-oi. 

Inversion also requires additional processing ™ he continuous oil phase are consumed although 

type emulsion can be flammable. The organic ^^^S^Si raw material is a negative factor 
they generallyare unnecessary to me use application, ardth,^ 

derived only from the water-in-o.l emulsion form les tend ,„ adnere to 

in a conventional precipitation polyrnenzation n anaqu* JjJJJS very difficult. The resultant dispersion is 
each other as formed and thus enlarge into oversee masses, malongj handling very a 

Sable only under pH conditions that suppress ion dissociation and I ge Wj^JJ" p0 | yme r chain exten- 
ated. An Lc polymer generally manifest intend* ^ ™K at a high pH for 

sion, and does not have a satisfactory acbvrty unless it is u !!° ess to produce a polymer having 
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♦ «i **m 1 to 1 0 weight percent based on the total weight 

rellethein^^ 
wat rnSei.sionpo.ymeriza.ions 

— -— • — — — 



4 



EP 0 630 909 B1 



one polymeric dispersant, optionally a low molecular weight polyhydric organic alcohol and optionally a preformed 
polymer seed, 

wherein said water-soluble monomer, said polyvalent anionic salt, said polymeric dispersant and said polyhydric 
organic alcohol, if any, are solutes of said aqueous reaction mixture, and said preformed polymer seed, if any, is 
5 insoluble in said aqueous reaction mixture, 

wherein the water-soluble polymer formed during said polymerization is insoluble in the aqueous reaction mixture 
at the concentration thereof formed during the polymerization, and 

wherein a portion of said monomer is fed to said aqueous reaction mixture after said polymerization reaction has 
been initiated. 

10 

According to preferred embodiments of the process of the present invention: 

at least 5 weight percent of said water-soluble monomer is present in said aqueous reaction mixture when said 
polymerization is initiated, the remainder of said monomer being added to said aqueous reaction mixture during 
is said polymerization; 

the water-soluble polymer formed during said polymerization has a weight average molecular weight of at least 
about 1,000; 

20 the concentration of said water-soluble monomer in said aqueous reaction mixture at the time said polymerization 
process is initiated is from 3 to 30 weight percent based on the total weight of said aqueous reaction mixture at the 
time of said polymerization, and 

the remainder of said monomer is added to said reaction mixture within the first half of the total polymerization reac- 
25 tion time period. 

According to a further preferred embodiment the process of the present invention comprises 

polymerizing said water-soluble monomer feed in an aqueous solution of said polyvalent anionic salt in the pres- 
30 ence of a water-soluble polymeric dispersant which is soluble in said aqueous solution of a polyvalent anionic salt; 
wherein the conditions of said polymerization are sufficient to polymerize said monomer feed to a water-soluble 
polymer that is insoluble in said aqueous solution of a polyvalent anionic salt; and 

wherein only a portion of said monomer feed is present in said aqueous solution of a polyvalent anionic salt when 
said polymerization is initiated, the remainder of said monomer feed being added to said aqueous solution of poly- 
35 valent anionic salt during said polymerization process, and 

wherein said water-soluble polymeric dispersant and water-soluble polymer prepared by said polymerization proc- 
ess are both cationic polymers. 

According to preferred embodiments of the above process: 

40 

at least 5 weight percent of said monomer feed is present in said aqueous solution of a polyvalent anionic salt at 
the time polymerization thereof is initiated, and at least 15 weight percent of said monomer feed is added to said 
aqueous solution of polyvalent anionic salt during said polymerization process; 

45 the aqueous solution of polyvalent anionic salt contains at least a polymer-insolubiiity-threshold concentration of 
said monomer feed at the time said polymerization process is initiated whereby a concentration of said monomer 
feed that is equivalent to at least the minimum concentration of said monomer feed's polymeric reaction product at 
which precipitation of said polymeric reaction product will be seen in said environment of said aqueous solution of 
a polyvalent anionic salt at the time of said polymerization initiation; 

so 

the reaction mixture contains at least 3 weight percent of said monomer feed at the time said polymerization is ini- 
tiated; 

the concentration of said monomer in said aqueous solution of a polyvalent anionic salt at the time of poiymeriza- 
55 tion initiation is from n to 20 n, wherein n is said polymer-insolubility-threshold concentration for such monomer feed 
in said reaction mixture; and 

the portion monomer feed added to said aqueous solution of a polyvalent anionic salt after said initiation of said 
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polymerization is added within the first half of the total polymerization reaction time period and is fully added within 
a time period of from 0.025 m to 0,25 m, wherein m is said total time period of said polymerization reaction. 



According to an other preferred embodiment the process of the present invention for preparing a water-continuous 
5 dispersion of a water-soluble cationic polymer by polymerizing a water-soluble monomer feed to form a water-soluble 
cationic polymer in an aqueous polymerization mixture in which said water-soluble cationic polymer is not fully soluble, 
comprises: 



feeding said water-soluble monomer to said polymerization reaction mixture by a first and a second technique, 
w said first technique being a batch technique comprising the addition of a portion of said water-soluble monomer to 
said aqueous polymerization mixture as an initial monomer feed before polymerization is initiated, 
said second technique being a post-initiation technique whereby a portion of said water-soluble monomer is added 
to said aqueous polymerization mixture as a post-initiation monomer feed, 

initiating said polymerization at a time when said initial monomer feed is present in said aqueous polymerization 
is mixture, 

wherein said aqueous polymerization mixture is comprised of an aqueous solution of a polyvalent anionic salt, 
wherein said polymerization is carried out in said presence of a water-soluble cationic polymer which is soluble in 
said aqueous solution of a polyvalent anionic salt, 

continuing said polymerization during the time said post-initiation monomer feed is added to said polymerization 
so reaction mixture, and 

terminating said polymerization when at least about 95 weight percent of said monomer has been converted to pol- 
ymer. 

According to preferred embodiments of the above process: 

25 

a polyhydric alcohol in the amount of from 0 to 10 parts by weight per hundred parts by weight of said total mono- 
mer feed is present in said aqueous polymerization mixture when polymerization is initiated; 

the polyvalent anionic salt is present throughout said aqueous polymerization mixture in an amount of from 15 to 
30 20 percent by weight based on the total weight of said reaction mixture at any given point during said polymeriza- 
tion reaction; 

the polymeric dispersant is present in said aqueous polymerization mixture in an amount of from 2 to 10 parts by 
weight per 100 parts by weight of said total monomers feed, and has a weight average molecular weight of at least 
35 about 50,000; 

the water-soluble monomer feed contains at least 5 mole percent of a cationic monomer of formula I 




Forrxia I 

50 

wherein 



R t isHorCHa; 

55 R 2 and R 3 are each independently an alky! group having 1 or 2 carbon atoms; A 1 is an oxygen atom or NH; 

B t is an alkylene group having from 2 to 4 carbon atoms or a hydroxypropylene group and 
X t e is a counter anion; 
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20 



the polymeric dispersant is present in said aqueous polymerization mixture in an amount of from 2 to 10 parts by 
weight per 1 00 parts by weight of said water-soluble monomer feed; 

the monomer feed is comprised of at least 5 mole percent of cationic monomer of said formula I and the balance 
of said monomer is acrylamide, methacrylamide, a cationic monomer other than said cationic monomer of said for- 
mula I or combinations thereof; 

the polymeric dispersant is comprised of at least 20 mole percent of cationic mer units; 

the polymeric dispersant contains at least 20 mole percent of cationic mer units represented by formula Ha 



H Rj! 



T C - C -7— 
I 

0 = c - a: - b: - n 0 - R,'. .x/ € 

i 



1 



25 Formula Ha 



wherein 

30 R4 is H Oder CH 3 ; 

R 5 ' und R$ are each an alkyl group having 1 or 2 carbon atoms; 
R 7 ' is a hydrogen atom or an alkyl group having 1 to 2 carbon atoms; 
A 2 ' is an oxygen atom or NH; 

B 2 ' is an alkylene group having from 2 to 4 carbon atoms or a hydroxypropylene group and 
35 X^ 9 is a counter anion; and 

the monomer feed is from 1 5 to 45 percent by weight based on the total weight of said polymerization reaction mix- 
ture at the time said polymerization is terminated, excluding post-polymerization additives. 

40 Preferred gmfro titmente of the Invention 

The enormous advantages of the unique dispersion polymerizations disclosed in U.S. Patent No. 4,929,655, U.S. 
Patent No. 5,006,590 and European Patent Application No. 85308398.8 (EP-A-0 183 466) are lessened by the cost of 
extraordinary production equipment required, and the energy consumed thereby, to produce a dispersion having a high 

45 concentration of end-product polymer actives. The unique advantages of these processes are also lessened when 
alternatively a 15 or 20 weight percent limitation is placed on monomer concentration to avoid such in-production vis- 
cosity problems which are experienced even in custom-made reactors. When monomer concentrations of about 15, or 
20, weight percent and higher are employed in these dispersion processes, the in-production viscosity peaks are too 
high for normal commercial production equipment The cost of commercial-scale equipment that can operate despite 

50 the extreme in-production viscosity peaks is inordinate and itself severely diminishes the commercial value of these dis- 
persion processes. The alternative use of lower monomer concentrations of course reduces the polymer production 
rate per unit production capacity and lowers the concentration of polymer in the product dispersion. The multivalent ani- 
onic salt concentration can be increased to reduce viscosity after completion of the polymerization, but not during the 
dispersion polymerization. An excessive concentration of the multivalent anionic salt will result in rapid precipitation of 

55 the cationic water-soluble polymer. The higher rate of precipitation in comparison to the rate of stabilization will lead to 
agglomeration of the particles and will result in gel formation. 

The present invention in broad embodiment is a process for preparing an aqueous dispersion of water-soluble pol- 
ymer by a dispersion polymerization technique that reduces the peak in-production viscosity parameter without loss of 
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anyoftheadvanages^ese^ 

S^on viscosity peaKs that standard commeraal J^SSS^So- solution of a polyvalent salt, me 
*arge In this prcms a water-soluble monomer feed^ ^ 

Thepolymerformedduringtheproce^^^^ 
anioSLtaining reactton mbcture and y sue ^S^f!S^^ which is insoluWe in the aque- 

o ofpolyrner^ninMati^ 

oufsolution of a polyvalent salt, but is a n ^^ n ^™ e 7 charg e a polymer seed dispersion .s formed in 
persion. Instead when the polymer is ever-accumulating deposit of polymer or , p* 

situ . The process of the present .nventon, however, £™KJh polymer particle sizes. It is believed that m the 
ymer. Sutf a mechanism would inevrtably lead to ^Sh^ta poSn* P^es and polymerize therein. 

, 5 Resent process monomer and/or forming ^JJ'^SJm «««« then deposing therefromj M the 

-s:r e Sm^^ 

» merstoproducewater-so^^^ 
highly-polarmerunitsw^^ 

,eric or polar-nonionic (such as polya(X^am.d^. These w; SQlutions o{ water-soluble polymers 
ular weights of at least about 1 .000, and ^J^JJSSLj or higher) at polymer concentrations o even 
often aresignificarrtlyvisc^ 
25 SoMOweigMpercert.Thepresent..^ 

that is both is itself commercially practicable and P^ u ^ ap«ym c , ^ e ^.s^ie pol- 

t£po.ymer,« 

polymerizations discussed above. in ^'^^ 
P^dMeaqueoussoh*^ 

Lactam tor stability and the need for mverters to ' ^£ * y n igh introduction v,scosrty peak* 

tion provides su* a dispersion potymer^on^ 

Thepresenti^ 

The present invention in a broad embod.ment p Lssohition of the polymer in water, which pol- 
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4 5 (2) the polymerization is earned out in the presence u 

the aqueous solution of polyvalent anionic salt; and TO |ymerization reaction mixture when the 

miration (during the polymerization process). 
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inthe reaction rrtxfcreat the tim^ 
5S byweightdmetotalmonomerferiisa^ 

Jrred embodiment at least 10 ^J££ £'SSff3 at least 20 parts by weight per hundred parts by 
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.nanotherprefer^^ 
«on StoeLomertobe polymerized -^{J^^S L minimum concentration of U 
concentration- is meant herein a concentration of the monome m useo^ seen jn ^ ewironme nt of 

P^rLrtonproduct*^^ 

Sen aqueous polyvalent anionic salt «^ - .*^2h2SS^ —n. nwr «^ *e •»« 

ESd amount preferably J**^ S molecular weight, or intrinsic viscosity £0 or 

mole ratio of mer units and substantially the same wetgm »^» , devia1jn g to a degree of about 10 

p^maTto one or more of these p^^^ 

Ken aqueous polyvalent anionic salt solut.cn at ^ t™ * Jjjj^ aerials in the solution, and physical 
W SamSS such as the type and concentration of ^^^Slfty-threshold concentration of men- 
Si such as pressure and ^'f St SSa«e*ta^y™*'— 
S*e reaction mixtu^^ 

„ has proceeded to about 30 percent "^^J^^Lonw before such degree dcorwersKXttas 
(ahhoughthepresentinventiondoes not **^J***£ °f ™™ ^ ^ at 

Sr^.^ presence,^ 

20 lnsomeprefeneden*o«^ 
uttl^-threshold concentration of 3 

of themonomertobepc^.*^^^ for the lymer being prepared. For such 

parable to. or higher than, the P*"***** 1 *^ adesiredpol- 

Sed en^^ reason mixture components can be 

* Ur-insolubility-mre^^^ 

selectedsothatthedesiredpolymerhasa^ concentration and instead the 

Thlre is not believed to be any definite ^^£^»&*t»w^P^? 
constraints thereon are more^ 
Sic salt solution at their concentration thereinat^^^^^^^ 

30 initiation be sufficiently high to prov.de area so ^, ers which react with other monomers. A 

are chain reactions that are initiated by the formation of Jeewte 1 ™ n ° ^ „ terminated when that end 
?rSpol^ chain tesafreeradk^^ 
g 0 ; P L^anotherfreeradical.Thiscte^^ 

Sw in the art. and whether or not a J Tymer having an extremely low 
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ter of the total polymerization reaction time period. 

In more preferred embodiment the post-initiation monomer feed is added within the first half of the total polymeri- 
zation reaction time period and is fully added within a time period of from about 0.025m to about 0.25 m, wherein m is 
the total time period of the polymerization reaction, and in further preferred embodiment the post-initiation monomer 
s feed is added within the first half of the total polymerization reaction time period and is fully added within a time period 
of from about 0.05m to about 0.1m. In more preferred embodiment the post-initiation monomer feed is added within the 
second quarter of the total polymerization reaction time period and is fully added within a time period of from about 
0.025m to about 0.25 m, wherein m is the total time period of the polymerization reaction, and in further preferred 
embodiment the post-initiation monomer feed is added within the second quarter of the total polymerization reaction 
10 time period and is fully added within a time period of from about 0.05m to about 0.1 m. 

The primary advantage of the process of the present invention is that it can reduce the bulk viscosity of the reaction 
mixture during the polymerization from an unmanageably high viscosity to a viscosity that is reasonably low, without an 
impossibly high loading of the polyvalent salt. The end-product, and the precursor reaction mixture after the forming pol- 
ymer begins to deposit out of solution, must remain stable dispersions. The reaction mixture before completion of the 
is polymerization must contain a sufficient amount of the soluble polymer to provide a dispersing effect on the forming pol- 
ymer deposits and to prevent uncontrolled polymer particle growth and/or polymer particle agglomeration. The required 
presence of a soluble polymer in the reaction mixture prevents an unlimited concentration of the polyvalent anionic salt. 
The above preferred embodiments as to the time and speed of the addition of the post-initiation monomer feed enhance 
the bulk-viscosity reduction/control advantages of the present invention. 
20 The water-soluble monomer feed is thus charged to the polymerization reaction mixture by two techniques. The 
first technique is the addition of a portion of the water-soluble monomer feed to the polymerization reaction mixture 
before polymerization is initiated so that it is present in the reaction mixture when polymerization is initiated. This first 
technique is essentially a batch technique, regardless of whether the addition is in bulk or incrementally, and that por- 
tion of the water-soluble monomer feed is referred to herein as the "initial monomer feed". The second technique a post- 
25 initiation technique, regardless of whether the addition is in bulk or incrementally, and that portion of the water-soluble 
monomer feed is referred to herein as the "post-initiation monomer feed". 

In preferred embodiment the mole ratio of monomers within the initial monomer feed and the post-initiation mono- 
mer feed are substantially the same (the mole percentage values of each monomer specie not varying more than about 
10 or 15 percent between the initial monomer feed and the post-initiation monomer feed). The mole ratio of monomers 
30 within the initial monomer feed and the post-initiation monomer feed need not be substantially the same and in fact 
there need not be an identity of monomer species between the initial monomer species and the post-initiation monomer 
feed. As the degree of variation as to mole ratios and/or monomer species increases, the degree of heterogeneousness 
of the polymer produced increases, particularly when the post-initiation monomer feed is commenced at a time later 
than immediately after polymerization initiation. Heterogeneous polymer products are not routinely commercially desir- 
35 able, but can be made by the process of the present invention, particularly when the extremes of polymer fractions have 
similar solubility properties in the reaction mixture. 

At the time of polymerization initiation, a water-soluble polymer that is insoluble in the aqueous solution of a poly- 
valent anionic salt may optionally be present as a preformed polymer seed, and when such preformed polymer seed is 
present it preferably is present in the form of a stable dispersion having a particle size comparable to, or less than, the 
40 maximum particle size of the polymer deposits formed by the process of the present invention. It is nonetheless a pre- 
ferred embodiment to eliminate such optional component and instead use as a "polymer seed" the polymer that is 
formed in situ from an initial monomer charge. When a preformed polymer seed is added to the polymerization reaction 
mixture prior to polymerization initiation, in preferred embodiment it is added to the polymerization reaction mixture as 
f ine particles in a dispersed state, particularly in an aqueous solution of a polyvalent anionic salt. 
45 The water-soluble polymer insoluble in an aqueous solution of a polyvalent anion salt is preferably a product pre- 
pared by the process of the present invention because the dispersions prepared according to the present invention 
have the desired low viscosity and fine particle size desired of such preformed polymer seed. Nonetheless a preformed 
polymer seed may be added as a viscous solution, which in situ deposits from the reaction mixture to form the pre- 
formed polymer seed. The characteristics of the preformed polymer seed (mer units, mole ratios, molecular weight, 
so degree of branching or cross-linking (parameters) may be, but need not always be, comparable to that of the polymer 
being made by the present process. When a preformed polymer seed is included in the reaction mixture, it preferably 
is used in amounts within the same range as that preferred for the soluble polymeric dispersant, that is, an amount of 
about 3 to 10 parts by weight per 100 parts by weight of the monomers (total) used. 

The presence of a polyhydric alcohol such as glycerin (glycerine or glycerol), ethylene glycol, propylene glycol, 
55 pentaerythritol, sorbitol, polyethylene glycol, polypropylene glycol and the like, often further enhances the deposit or 
precipitation of the polymer formed in the process of the present invention as fine particles that form a stable dispersion. 
Such a polyhydric alcohol is one having a molecular weight of no more than about 1 ,000 and preferably no more than 
about 500, and thus do not include polymeric species such as polyvinyl alcohol. The reaction mixture may contain such 
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for any Reason H is desirable to add a ^.^jS^Lrt in the reaction mixture in the amount o 
embodiment me poWmeric dispersant should none^ 

from about 2 to about 10 parts by weight per 00 parts * wagm ot ne d ^ other reaction mixture 

Sanentslr polygon, generally no ^^^^S^MV^^^^ 
» «*^n mixture component shoute be ^^^^^^ and at times may be prefaredjo 

a . — x c, ,rh Ac; isooroDanol or benzyl alcohol. ^ lim , orl , a «nn is considered 



35 



40 



45 



50 



55 



11 



EP 0 630 909 B1 



5 




10 

Formula I 

i 

A, - B, - hP- R, .X,© 
I 

K 

Formula II 

30 

wherein and R 4 are each H or CH 3 ; R 2 , R 3 , R 5 and R 6 are each an alkyl group having 1 or 2 carbon atoms; R 7 is a 
hydrogen atom or an alkyl group having 1 to 2 carbon atoms; A 1 and A 2 are each an oxygen atom or NH; Bj and B2 are 
each an alkylene group having from 2 to 4 carbon atoms or a hydroxypropylene group and and X 2 e are each a 
counter anion. 

35 The structures defined by Formulas la and I la are quaternary ammonium salt mer units derived from the monomers 
defined in Formulas I and II respectively, as follows: 

h r; 

40 | , 

±_JjjZ_C_± ^ 

I 

45 0 = c 



CH 2 - C - 
0 - C - 

25 




Formula la 



55 
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H 



5 



■f c - c 



o = c - a; - D, 1 - i# - r,' 



10 




Formula Ha 



wherein R n ' and R4 are each H or CH 3 ; R 2 \ H z \ R 5 ' and R 6 ' are each an alkyl group having 1 or 2 carbon atoms; R 7 ' 
is a hydrogen atom or an alkyl group having 1 to 2 carbon atoms; and A 2 ' are each an oxygen atom or NH; and 
20 each an alkylene group having from 2 to 4 carbon atoms or a hydroxypropylene group and X 1 ,e and X 2 ' e are 

each a counter anion. 

The present invention in preferred embodiment is a process for preparing an aqueous dispersion of water-soluble 
cationic polymer that has not only a low end-product viscosity and permits rapid dissolution of the polymer in water, but 
also may have a high molecular weight, which process governs the peak in-production viscosity parameter. In this pre- 
25 ferred process a water-soluble monomer feed (more preferably containing at least 5 mole percent of a cationic mono- 
mer of Formula I above) is polymerized in an aqueous solution of a polyvalent anionic salt, the polymerization is carried 
out in the presence of a water-soluble cationic polymer which is soluble in the aqueous solution of polyvalent anionic 
salt, and at least 25 parts by weight of the water-soluble monomer feed per hundred parts by weight of the water-soluble 
cationic polymer which is soluble in the aqueous solution of polyvalent anionic salt is present in the polymerization reac- 
ts tion mixture when the polymerization is initiated, the remainder being added during the polymerization, and at times 
incrementally during the polymerization reaction. 

At the time of polymerization initiation, a water-soluble cationic polymer (which preferably contains at least 5 mole 
percent of cationic mer units represented by Formula la) which is insoluble in the aqueous solution of a polyvalent ani- 
onic salt, optionally may be present, or instead such a polymer is formed in situ from an initial monomer charge. When 
35 it is added to the polymerization reaction mixture prior to polymerization initiation as a preformed polymer seed, in pre- 
ferred embodiment it is added to the polymerization reaction mixture as fine particles in a dispersed state, particularly 
in an aqueous solution of a polyvalent anionic salt. 

The water-soluble monomer feed is thus charged to the remainder of the polymerization reaction mixture by two 
techniques. The first technique is the addition of a portion of the water-soluble monomer feed to the polymerization 
40 reaction mixture before polymerization is initiated so that it is present in the reaction mixture when polymerization is ini- 
tiated. This first technique is essentially a batch technique, regardless of whether the addition is in bulk or incrementally, 
and that portion of the water-soluble monomer feed is referred to herein as the initial monomer feed. The second tech- 
nique a post-initiation technique, regardless of whether the addition is in bulk or incrementally, and that portion of the 
water-soluble monomer feed is referred to herein as the post-initiation monomer feed. In more preferred embodiment, 
45 the initial monomer feed contains at least 5 mole percent of cationic monomer units represented by Formula I and, when 
employed, the preformed polymer seed contains at least 5 mole percent of cationic mer units represented by Formula 
la. 

Formula la, as shown above, is of course the structure of a polymer mer unit that would be derived from the polym- 
erization of the monomer of Formula I. For simplicity when discussing a characteristic potentially applicable to both the 
so monomer and the mer unit the terminology of "monomer/mer" and "Formula l/la" is used at times below. 

In further preferred embodiment, the water-soluble cationic polymer soluble in an aqueous solution of a polyvalent 
anionic salt, and the preformed polymer seed when employed, is used in an amount of about 0. 1 , or 1 , to about 1 0 parts 
by weight per 100 parts by weight of the total water-soluble monomer feed employed (the initial monomer feed and the 
post-initiation monomer feed combined, referred to at times herein as "the combined monomer feed"). 
55 In another preferred embodiment, the combined monomer feed and/or the preformed polymer seed is comprised 
of at least 5 mole percent of cationic monomer/mer units represented by the Formula l/la and the balance selected from 
among (meth)acrylamide, other cationic monomer/mer units discussed below, including cationic monomer/mer units 
represented by the Formula ll/ila and mixtures thereof. 
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In preferred embodiment, the cationic monomer/mer units represented by the Formula l/la is one selected from 
among the benzyiated quaternary ammonium salts of dialkylaminoalkyl (meth)acrylate and dialkyiaminoalkyl 
(meth)acrylamide. These include, without limitation, the benzyiated quaternary ammonium salts of dimethylaminoethy- 
lacrylate, dimethylaminohydroxypropylacrylate, dimethyiaminopropylacrylamide dimethylaminoethylmethacrylate, 

5 dimethylaminohydroxypropylmethacrylate, dimethylaminopropylmethacrylamide and mixture thereof. In another pre- 
ferred embodiment the monomer/mer of Formula l/la is acryloytoxyethyldimethylbenzylammonium chloride, methacry- 
(oyloxyethyldimethylbenzylammonium chloride or mixtures thereof. 

The water-soluble cationic polymer soluble in the aqueous solution of a polyvalent anionic salt (referred to herein 
at times as "the dispersant" or "the polymeric dispersant") contains a sufficient density of cationic mer units to be solu- 

io bie in the aqueous solution of polyvalent salt at the concentration used therein. In more preferred embodiment the pol- 
ymeric dispersant is comprised of at least 20 mole percent of cationic mer units, preferably of the quaternary 
ammonium salt type, such as the quaternized salts of mer units of N-alkylsubstituted aminoalkyl esters of acrylic acid 
and others. As mentioned above, the combined monomer feed, and when present the preformed polymer seed, may 
contain monomer/mer units other than as defined above in Formula l/IA, which also preferably are of the quaternary 

15 ammonium salt type, such as the quaternized salts of mer units of N-alkylsubstituted aminoalkyl esters of acrylic acid 
and others. Such quaternary ammonium salt type, suitable for the polymeric dispersant and/or the combined monomer 
feed, and when present the preformed polymer seed, include, for example: 

1 . the quaternized salts of reaction products of a polyamine and an acrylate type compound prepared, for example, 
20 from methyl acrylate and ethylenediamine; 

2. (methacryloyloxyethyljtrimethyl ammonium chloride; 

3. diallylmethyl(beta-propionamido)ammonium chloride, (beta-methacryloyioxyethyl)trimethylammonium methyl 
sulfate; 

4. quaternized vinyllactam; 

25 5. the quaternized salt of vinylbenzyltrialkylamines such as, for example, vinyjbenzyltrimethylammonium chloride; 

6. quaternized salt of vinyl-heterocyclic monomers having a ring nitrogen, such as (1,2-dimethyl-5-vinylpyridinium 
methyl sulfate), and {2«vinyl-2-imidazolinium chloride); 

7. diafkyldiallylammonium salt including diallyldimethyl ammonium chloride ("DADMAC"); and 

8. methacrylamidopropyltrimethylammonium chloride ("MAPTAC"). 

30 

An epichlorohydrin/dimethylamine (epi/DMA) cationic polymer may be particularly useful as the polymeric dispersant. 
In certain preferred embodiments, the polymeric dispersant and/or the combined monomer feed, and when present the 
preformed polymer seed, contain up to 50 mole percent of cationic mer units such as those enumerated above and/or 
others, and in more preferred embodiment up to about 30, or 40, mote percent thereof. A preferred cationic mer unit for 

35 any of these species, but particularly for the polymeric dispersant, is DADMAC. A preferred polymeric dispersant is sub- 
stantially comprised of acrylamide and DADMAC. 

In other embodiments, the polymeric dispersant contains at least 20 mole percent of cationic mer units represented 
by Formula Ha above. The combined monomer feed, and when present the preformed polymer seed, may also include 
cationic monomer/mer units of Formula ll/lla above. 

40 In other preferred embodiments, the cationic monomer/mer units represented by the Formula ll/lla is one selected 
from among salts and methylated quaternary ammonium salts of dialkylaminoalkyl (meth)acryiate and dialkylami- 
noalkyl (meth)acrylamide. These include, without limitation, the salts and methylated quaternary ammonium salts of 
dimethylaminoethylacrylate, dimethylaminopropylacrylamide, dimethylaminohydroxypropyacrylate, dimethylami- 
noethylmethacrylate, dimethylaminopropylmethacrylamide, dimethylaminohydroxypropymethacrylate and mixtures of 

45 them. In other preferred embodiments, the cationic monomer/mer units represented by the Formula ll/lla is acryloy- 
loxyethyltrimethylammonium chloride, methacryloyloxyethyltrimethylammonium chloride or mixtures thereof. 
In certain preferred embodiments, the polymeric dispersant is wholly comprised of mer units of Formula Ha. 
In preferred embodiment the polyvalent anionic salt concentration of the aqueous salt solution is at least 15 parts 
by weight per hundred parts by weight of water. The polyvalent anionic salt is preferably selected from among the sul- 

50 fate salts, the phosphate salts and mixtures thereof and more preferably the sulfate salts, particularly ammonium sul- 
fate. 

In certain preferred embodiments, a salt is additionally dissolved in the dispersion after the completion of the 
polymerization (post-polymerization addition). 

In certain preferred embodiments, the specific gravity of the polymer in the dispersion is equal to that of the aque- 
55 ous solution. 

In preferred embodiment, the viscosity of the end-product polymer dispersion is no more than about 1 000 mPa • s 
(cps), and preferably such viscosity is attained without any post-polymerization addition of salt. In further preferred 
embodiment, the in-production peak viscosity of the polymerization reaction mixture does not exceed about 20.000 
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20 



25 



30 



35 



40 



In preferred embodiment, the combined monomer feed (initial monomer feed and post-rtabon ™effear) 
based on the total weight of the polymerization reaction mixture, excluding ^^^onMes.MJ^A 
SSStoabout 40 or 45, percent by weight or higher. The excess^ 

S w 9 M of 1 polymerization reaction mixture, exduding polymerization ^f^ZT^o 
eventrations of monomer charge is particularly preferred herein because more concentrated polymer products pro- 

Lion a lesser energy and adjuvant raw material consumption. A process havmg a high concentration <* ™no™ 
SelaWefier^ 

Sties particularly in-production viscosities, and thus the advantages of the present mention in reducing the in- 
SX peaks are particularly important. The present invention in broad embodiment does not. hrowr. 
KudeZ^S fthe present pmcess when the total monomer charge is less than 15 weight percent, based on the 
S weigm o he pdymerization reaction mixture, excluding post-polymerization additions. At such ^£™> 
ZTet^ini^Svisc^typeak 

bS *&SS££U a water-soluble azo free-radica, initiator is used as a polymerization initiator^ more 
preferred embodiments, the polymerization initiator is selected from among 2 ,2'.azob,s(2-amdinopropane) hydrochlo- 
ride, 2,2'^zobis(N,N'-dimethyleneisoburyramidine) hydrochloride and mudurre thereof. . 
In preferred embodiment the particle size of the polymer in the end-product dispersion .s 25 urn (m,crometers) or 

""in the following Examples, unless expressly indicated othenvise therein, all polymerization .reactions .were con- 
genWgetube^^ 

elowth'e .icuidleve.toprov.de consistent stirring at the ^ ^ ^^^SKS 
nitrogen to replace the oxygen-containing ar therein, the reaction mixture was also purged wrth -*ogen after rt was 
XS to theTeactor by bubbling nitrogen therethrough, andaflow of nitrogen to *e reacts was contmu^lhr^ut 
the Polymerization time period and any polymerization period in which monomer res.duals were diminished. To 

wa" Led. and thereafter throughout the entire polymerization and post-polymenzation time penods The ^arnng 
Seed was from about 400 to about 600 rpm as specified in the specific Examples. The polymenzation reaction began 
SCn iniator addition, vvhich in al. instances was after the elevated reaction temperatur^ 
the nftiator charge, or first initiator charge, is listed with the initial batch reartonm.xturejr^ed.erteVThereactwnte^ 
Xrewas mLined throughout the pdymerization time P^-^^f^^^^ 
Jost-initiation monomer feeds of monomers were all at reasonably consistent rates over time ^^*«**» 
Solymerization reactions were proceeding ("production" time periods). P ^™ n ™ m ^™™L^ 
after the reaction mixtures were cooled to about ambient room temperature, and no polymerizations were continue at 

fiedinthespetific Comparative Examples, all polymerization reactions proceeded through a. leas. ^98^ 
S^ioncM 

chain transfer agent, and its addition would reduce th e weight average molecular we,ght o f the polymer from that wh.ch 

Snjar Sed in significant aSquots after tine P«*«»^«^"* fc ^~"JS: 
of the Examples was the polymenzation prematurely terminated and then restarted. The polymers prepared .n the 
tZSZ ComparativTLanples were all of such solubilrty characteristics that they Wrt^ 
Sdsofr^rrZLnSweightperceminthedescribed aqueous <^^:^.^*^^* 
potent anionic saft is present in the reaction ntixture prior to polymerization completion, combinations o po^ 
salts of course can be used. Whilethe specific types of monomers used ^Examples are^ilypo^e- 
izable at the reaction temperatures employed, different monomers or combinations of monomers may be best polymer- 
ized at lower or higher reaction temperatures, and the selection of an appropriate react-on temperature s wrttarthe 
ordinary skill of a person in the art Generally polymerization temperatures wfthin ^ ran 9 eoffr ^^^.^°i; 
65Xaresuftoen7for free radical pol 

rate for either laboratory-size polymerizations or commercial production polymerizations .s from about 400 rpm to about 
1000 rpm 
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Example 1 

A 19 5 weight percent actives semi-batch dispersion polymerization of a aaylamide/DMAEA.BCQ copolymer 
(90/IOmo^ 

SSn Jnom* feed. The initial reaction mixture comprised of 21 .21 grams MM 
n«m. of ni water 137 47 arams of a 48.6 wt. percent acrylamide aqueous solution, 55.91 grams of a 50.0 wt percent 
S ™ - 9lycerol.l55.50 grams of ammonium suffate, 0.0 grams of Vejene 
!h a ™> «»™ rf a Doivmer seed The polymer seed used was a 15 weight percent actives dispersion of a acryla- 
^SSSSSiSZ So molS) prepared by a batch polymerization using similar auxiliary consbtu- 

Jh™ t2000 mPa-s (cds) Brookfield The final reaction mixture was a low viscosity (approximately 800 mPa-s (cps)) 

« o J^«jT(ta*Md SoecSic Viscosity of 14.72 in 0.125 molar sodium nitrate solution. The concentration of mon- 
oml^s^S ^ chromatogmphy to be about 49.8 ppm acryian.de, less than 100 ppm 
DMAEA.BCQ and about 100 ppm DMAEA.MCQ. 



ExampM 



,0 A 24 4 weight percent actives semi-batch dispersion polymerization of a acrylamide/DMAEA.BCQ co^ymer 
(90/,0n^a^ 

nost-initiation monomer feed. The initial reaction mixture compnsed of 22.27 grams of a (3462 195.) or pay 

L that temoerature 2 00 grams of a 1 wt. percent VA-044 azo initiator was added and then a post-initiation monome 

^^^^TnSS ^ L one hour 50 minutes of the reactio n while maintaining the 40 °C reaction 
— ^^rSmi^ was continued tor an additional lh.ee hSS and 10 minutes while 

Son temiSie. which provided about a 30 wt. percent conversion of monomers to polymer. « 
45 S J ^polymerization period, 2.00 grams of a 1 wt percent aqueous solution of an azo inrtia tor were added to 

Simile LonTresiduals To reduce the bulk viscosity of the resultant reaction mixture, po^ymenato ad* 

SSfiSSms of sodium sulfate and 7.07 grams of glacial acetic acid were made. Over the entire course of the 

^V^I^L^roduced was isolated by dilution with Dl water and determined to have an Intrinsic Viscosity of 12.9 
utes. The polymer producea ^J^ 0 "' «q and 138 at 0045 0 0225 and 0.015 polymer concentrations 



DMAEA.MCQ. 
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Exa m p l es 

A dispersion polymerization similar to that described in Example 2 was conducted except a higher proportion of 
monomer was added as the post-initiation feed than as the initial charge. This 24.4 weight percent actives semi-batch 

5 dispersion polymerization of a acrylamide/DMAEA.BCQ copolymer (90/10 mole ratio) was run using a 90/10 moie ratio 
of the monomers both in the initial monomer feed and in the post-initiation monomer feed. The initial reaction mixture 
comprised of 27.27 grams of a 22 weight percent active solution of poly-DMAEA.MGQ, 143.00 grams of Dl water, 7.07 
grams of glycerol, 85.91 grams of a 48.6 wt. percent acrylamide aqueous solution, 34.94 grams of a 50.0 wt percent 
DMAEA.BCQ aqueous solution, 7.07 grams of glycerol, 110.50 grams of ammonium sulfate, 0.30 grams of Versene 

io and 3.00 grams of a 1 wt percent aqueous solution of VA044. The reaction mixture was stirred at about 800 rpm 
throughout the entire polymerization and post-polymerization time periods. The reaction mixture was heated to 40 °C, 
and upon reaching that temperature the nitrogen purge was continued for 30 minutes, then 2.00 grams of a 1 wt per- 
cent VA-044 azo initiation was added and then a post-initiation monomer feed comprised of 270.43 grams of a 48.6 wt. 
percent acrylamide aqueous solution and 110.00 grams of a 50.0 wt. percent DMAEA.BCQ aqueous solution was 

75 added at a substantially consistent addition rate (which was about 3.8 ml per minute) during the first two hours of the 
reaction while maintaining the 40 °C reaction temperature. At about 2.5 hours from the start of the polymerization, 16 
grams of Dl water was added to thin the reaction mixture viscosity, which water addition decreased the reaction mixture 
viscosity from greater than 2,000 mPa • s (cps) Brookfield to about 2,000 mPa • s (cps) Brookfield, after which an addi- 
tional 40 grams of Dl water was added. At about 3 hours from the start of the polymerization, 20 grams of ammonium 

20 sulfate was added which decreased the reaction mixture viscosity to a torque reading on the stirring means of about 
1700 dyne-cm. At about 3.5 hours from the start of the polymerization, an additional 20 grams of ammonium sulfate 
was added which decreased the reaction mixture viscosity to a torque reading on the stirring means of about 935 dyne- 
cm after a further 0.5 hour of reaction time. The polymerization was continued for an additional one hour while main- 
taining the 40 °C reaction temperature, which provided about a 99.3 wt. percent conversion of monomers to polymer. 

25 Immediately after this five-hour polymerization period, 2.00 grams of a i wt. percent aqueous solution of an azo initiator 
were added to minimize monomer residuals. To reduce the bulk viscosity of the resultant reaction mixture, post-polym- 
erization additions of 25.00 grams of sodium sulfate and 7.07 grams of glacial acetic acid were made. The f inal reaction 
mixture was a milky white fluid with small particles of grain size visible. The polymer produced was isolated by dilution 
with water and determined to have an Intrinsic Viscosity of 15.72 dl/g. The concentration of monomer residuals were 

30 determined by liquid chromatography to be about 21 1 0 ppm acrylamide and less than 200 ppm DMAEA.BCQ. 

Example 4 

A semi-batch dispersion polymerization similar to that described in Example 1 was conducted except a higher pro- 
35 portion of monomer (about 58 wt. percent) was added as the post-initiation feed rather than in the initial charge. This 
approximately 20 weight percent actives semi-batch dispersion polymerization of a acrylamide/DMAEA.BCQ copoly- 
mer (90/10 mole ratio) was run using a 90/10 mole ratio of the monomers both in the initial monomer feed and in the 
post-initiation monomer feed. The initial reaction mixture batch was comprised of 21.21 grams of a 22 weight percent 
active solution of poly-DMAEA.MCQ, 308.27 grams of Dl water, 103.10 grams of a 48.2 wt. percent acrylamide aque- 
40 ous solution, 41 .94 grams of a 80 wt percent DMAEA.BCQ aqueous solution, 155.50 grams of ammonium sulfate, 0.30 
grams of Versene, and 47.12 grams of a 15 wt. percent actives polyacrylamide-co-DMAEA.BCQ seed polymer. This ini- 
tial reaction mixture was stirred at about 400 rpm throughout the entire polymerization and post-polymerization time 
periods, The reaction mixture was heated to 40 °C, and upon reaching that temperature the nitrogen purge of the reac- 
tion mixture was continued for 30 minutes, then 2.00 grams of a 1 wt. percent VA-044 azo initiator was added to initiate 
45 the polymerization. One hour after the polymerization began, a post-initiation monomer feed comprised of 182.37 
grams of a 48.2 wt percent acrylamide aqueous solution and 46.36 grams of a 80 wt percent DMAEA.BCQ aqueous 
solution were added at a substantially consistent addition rate over the next 1 .0 hour of the polymerization reaction. No 
further Dl water or salt was added to thin the reaction mixture viscosity. The polymerization was continued for a total 
polymerization time period of about seven hours. To reduce the bulk viscosity of the resultant reaction mixture, post- 
50 polymerization additions of 62.22 grams of sodium sulfate and 7.07 grams of glacial acetic acid were made. The final 
reaction mixture was a white low-viscosity (approximate 80 mPa • s (cps)) fluid. The polymer produced was isolated by 
dilution with water and determined to have an Intrinsic Viscosity of 14 dl/g. The concentration of monomer residuals 
were determined by liquid chromatography to be about 1 100 ppm acrylamide and less than 100 ppm DMAEA.BCQ. 

ss Example 5 

A 26.8 weight percent actives semi-batch dispersion polymerization of an acrytamkJe^MAEA.BCQ/DMAEAM(to 
terpolymer (65/25/10 mole ratio) was conducted using a 65/25/10 mole ratio of the monomers both in the initial mono- 



17 



EP0 630 909 B1 



mer feed and in the post-initiation monomer feed. The combined monomer feed was divided 2:1 between the initial 
monomer feed and the post-initiation monomer feed. No preformed polymer seed was used. The reaction was carried 
out at 45 °C with stirring at 400 rpm and several exotherms up to about 48 °C were seen. The post-initiation monomer 
feed was added at a substantially consistent addition rate during the first 3 hours of the polymerization and the second 

s charge of the initiator was added at the end of the fifth hour of polymerization. The polymerization was continued for 8 
hours total, after which the reaction mixture was cooled to room temperature and the post-polymerization additions 
were made. When the final dispersion product was tittered through a 48 mesh sieve, 12 weight percent thereof did not 
pass through due to a minor agglomeration formation. The maximum bulk viscosity developed during the reaction 
period was about 1900 mPa ■ s (cps) Brookfield. The final reaction mixture was a low viscosity (approximate 86 mPa ■ s 

10 (cps)), milky-white fluid. The polymer produced had an Intrinsic Viscosity of 1 7.6 dl/g and a Reduced Specific Viscosity 
of 21.9 in 0.125 molar sodium nitrate solution. The concentration of monomer residuals were about 600 ppm acryla- 
mide, and less than 100 ppm DMAEA.BCQ and DMAEA.MCQ. The reaction mixture components are set forth below in 
Table 1. 



Table 1 



Ingredient 


Ingredient Component® 


Amount (grams) 


Initial Charge 


Dispersant 


Poly-DMAEA.MCQ actives 


4.942 




Water 


19.768 




Dl Water 


242.535 


Polyvalent salt 


Ammonium sulfate 


75.630 




Glycerin 


2.970 




Benzyl alcohol 


0.020 


Acrylamide (100%) 


Acrylamide actives 


33.570 


DMAEA.BCQ (80%) 


DMAEA.BCQ actives 


50.093 




Water 


12.523 


DMAEA.MCQ(79.7%) 


DMAEA.MCQ actives 


14.436 




Water 


3.677 


Initiator 


V-50 (1%) 


0.990 


In-production Charge 


Acrylamide (100%) 


Acrylamide actives 


16.785 


DMAEA.BCQ (80%) 


DMAEA.BCQ actives 


25.044 


« 


Water 


6.261 


DMAEA.MCQ (79.7%) 


DMAEAMCQ actives 


7.218 


n 


Water 


1.838 


Initiator 


V-50(1%) 


0.990 


Total Reaction Mixture Prior To Post-Polymerization Additions: 


519.290 


Post-polymerization Charge 


Salt 


Ammonium sulfate 


34.995 




Acetic acid 


4.935 


Total Reaction Mixture After Post-Polymerization Additions: 


559.220 



£5 

Comparative Example A 

An attempt to conduct a 29.6 weight percent actives batch dispersion polymerization of an acryla- 
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mide/DMAEA.BCQ/DMAEA.MCQ terpoiymer (65/25/10 mole ratio) was made. A preformed polymer seed was used to 
provide a concentration of polymer actives of 31.4 wl percent in the reaction mixture before post-polymerization addi- 
tions. The reaction was carried out at 45 °C with stirring at 400 rpm. The reaction mixture gelled 90 minutes after initi- 
ation and the reaction was then abandoned. The bulk viscosity which had developed at the time the reaction was 
5 abandoned was greater than 500,000 mPa • s (cps) Brookf ield at 90 minutes after the initiation. The reaction mixture 
components, to the extent charged before the reaction was terminated, and in some instances percentage thereof 
based on reaction mixture, are set forth below in Table 2. 



10 




Table 2 








Ingredient 


Ingredient Component(s) 


Amount (grams) 


Wt.% 


Initial Charge 




Preformed Polymer Seed 


PolyDMAEAMCQ 


10.000 




15 




Water 


40.000 






Dispersant dispersion 


PolyAcAm7DMAEA.BCXVDMAEA.MCQ 


73.970 








Dl Water 


256.980 




20 


Polyvalent salt 


Ammonium sulfate 


95.710 








Glycerin 


10.000 








Benzyl alcohol 


0.020 






Acrylamide(48.4%) 


Acrylamide actives 


102.569 


10.9% 


25 


* 


Water 


109.351 






DMAEA.BCQ (80%) 


DMAEA.BCQ actives 


149.920 


15.9% 






Water 


37.476 




30 


DMAEA.MCQ(79.7%) 


DMAEA.MCQ actives 


43.389 


4.6% 






Water 


11.051 








Versene 


0.400 




35 


Initiator 


V-50(1%) 


2.000 




Total Reaction Mixture Prior To Polymerization Abandonment: 


942.836 





Example 6 

40 A 29.84 weight percent actives semi-batch dispersion polymerization of an acryla- 
mide/DMAEA. BCQ/DMAEA.MCQ terpoiymer (65/25/10 mole ratio) was conducted using a 65/25/10 mole ratio of the 
monomers both in the initial mo nomer feed and in the post-initiation monomer feed. The combined monomer feed was 
divided 70:30 between the initial monomer feed and the post-initiation monomer feed. No preformed polymer seed was 
used. The reaction was carried out at 45 °C with stirring at 400 rpm. The post-initiation monomer feed was added at a 

45 substantially consistent addition rate over a period of 90 minutes, 2.5 hours after the beginning of the polymerization, 
and the second charge of the initiator was added at the end of the fifth hour of polymerization. The polymerization was 
continued for 8 hours total, after which the reaction mixture was cooled to room temperature and the post-polymeriza- 
tion additions were made. The maximum bulk viscosity developed during the reaction period was about 10,000 mPa • s 
(cps) Brookf ield. The final reaction mixture had an approximate viscosity of about 1 1 0 mPa • s (cps) Brookf ield The pol- 

so ymer produced had an Intrinsic Viscosity of 21 .02 dt/g and a Reduced Specific viscosity of 1 7.14 in 0.125 molar sodium 
nitrate solution. The concentration of monomer residuals were about 1400 ppm acrylamide, and less than 100 ppm 
DMAEA.BCQ and DMAEA.MCQ. The reaction mixture components are set forth below in Table 3. 
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Tab!e3 



Ingredient 


Ingredient Component® 


Amount (grams) 


Initial Charge 


Dispersant dispersion 


Po)y-DMAEA.MCQ actives 


15.000 




Water 


60.000 




01 Water 


371.210 


Polyvalent salt 


Ammonium sulfate 


140.000 




Glycerin 


7.500 




Benzyl alcohol (4% aq. soln.) 


0.500 


Acrylamide (47%) 


Acrylamide actives 


78.210 




Water 


88.200 


DMAEA.BCQ(80%) 


DMAEA.BCQ actives 


116.700 




Water 


29.180 


DMAEA.MCQ(79.7%) 


DMAEA.MCQ actives 


33.640 


t? 


Water 


8.570 




Versene 


0.300 


Initiator 


V-SO (1%) 


1.500 


In-production Charge 


Acrylamide (47%) 


Acrylamide actives 


33.553 




Water 


37.837 


DMAEA.BCQ (80%) 


0MAEA.BCQ actives 


50.088 




Water 


12.522 


DMAEA.MCQ (79.7%) 


DMAEA.MCQ actives 


14.442 


H 


Water 


3.678 


Initiator 


V-SO (1%) 


2.500 




Versene 


0.200 


Total Reaction Mixture Prior To Post-Polymerization Additions: 


1,105.330 


Post-polymerization Charge 




Salt 


Sodium sulfate 


55.000 




Acetic acid 


10.000 


Total Reaction Mixture After Post-Polymerization Additions: 


1,170.330 



Example 7 

50 

A 29.9 weight percent actives semi-batch dispersion polymerization of an acrylamide/DMAEA.BCQ/DMAEA.MCQ 
terpolymer (65/25/10 mole ratio) was conducted using a 65/25/10 mole ratio of the monomers both in the initial mono- 
mer feed and in the post-initiation monomer feed. The combined monomer feed was divided about 62:38 between the 
initial monomer feed and the post-initiation monomer feed. No preformed polymer seed was used. The reaction was 
55 carried out at 48 °C with stirring at 400 rpm. The post-initiation monomer feed was started at the end of the first 2.5 hour 
polymerization period, and this feed was added at a substantially consistent addition rate over 30 minutes while the 
polymerization continued. The second charge of the initiator was added after the post-initiation monomer feed was 
charged, and the third charge of the initiator was added at the end of the fifth hour of polymerization. The polymerization 
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was continued for 7 hours total, after which the reaction mixture was cooled to room temperature and the post-polym- 
erization additions were made and the end-product reaction mixture was stirred for additional 15 minutes. The final 
reaction mixture had an approximate viscosity of about 120 mPa*s (cps) Brookfield. The polymer produced had an 
intrinsic Viscosity of 16.27 dtfg and a Reduced Specific Viscosity of 20.18 in 0.125 molar sodium nitrate solution. The 
s concentration of monomer residuals were about 1100 ppm acryiamide, and less than 100 ppm DMAEA.BCQ and 
DMAEA.MCQ. The reaction mixture components are set forth below in Table 4. 



Table 4 



10 


Ingredient 


Ingredient Component® 


Amount (grams) 




initial Charge 




Dispersant dispersion 


Poly-DMAEA.MCQ 


15.000 


15 




Water 


60.000 






Dl Water 


371.210 




Polyvalent salt 


Ammonium sulfate 


140.000 






Glycerin 


7.500 


20 




Benzyl alcohol 


0.500 




Acryiamide (47%) 


Acryiamide actives 


78.213 






Water 


88.197 


25 


DMAEA.BCQ (80%) 


DMAEA.BCQ actives 


116.704 




Water 


29.176 




DMAEA.MCQ (79.7%) 


DMAEA.MCQ actives 


33.641 






Water 


8.569 


30 




Versene 


0.300 




Initiator 


V-50 (1%) 


0.500 




In-production Charge 


35 


Acryiamide (47%) 


Acryiamide actives 


50.243 






Water 


56.657 




DMAEA.BCQ(80%) 


DMAEA.BCQ actives 


70.936 






Water 


17.734 


40 


DMAEA.MCQ (79.7%) 


DMAEA.MCQ actives 


20.260 






Water 


5.160 




Initiator 


V-50(1%) 


1.500 


45 


Initiator 


V-50(1%) 


1.500 






Versene 


0.200 




Total Reaction Mixture Prior To Post-Polymerization Additions: 


1,173.700 


50 


Post-polymerization Charge 


Salt 


Sodium sulfate 


55.000 






Acetic acid 


10.000 




Total Reaction Mixture After Post-Polymerization Additions: 


1,238.700 



100 grams of the end-product dispersion provided by the reaction of this Example was filtered through a 40 mesh filter 
screen. 99.18 grams passed through this screen indicating that the weight percent of agglomerated substance in the 
end-product dispersion was only 0.8 weight percent. The torque on the stirring, and the reaction mixture viscosity (using 
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the #3 spindle at 12 rpm), versus time after the initiation of the polymerization are set forth below in Table 5. 



Tables 



5 


Time (hr ;min) 


Torque (dyne*cm) 


Viscosity in mPa • s (cps 
Brookfield) 




0:00 


120 


12 




020 


158 




10 


0:45 


282 






0:59 


352 






1:30 


682 




15 


2:00 


920 






2:10 


21400 


5600 




2:30 


21400 






3.00 


27200 




20 


3:15 


27900 


13000 




4:00 


22700 






5:00 


20080 


8200 


25 


7:00 


1062 


3200 




7:20 


502 


120 



Comparative Example B 

30 

A 20 weight percent actives batch dispersion polymerization of an acrylamide/DMAEA.BCQ/DMAEA.MCQ terpol- 
ymer (65/25/10 mole ratio) was conducted. No preformed polymer seed was used. The reaction was carried out at 45 
°C with stirring at 400 rpm, the reaction being initiated at this intended reaction temperature with the addition of the first 
aliquot of initiator. A second aliquot of initiator was added after four hours of reaction, and then the polymerization was 

35 continued for an additional eight hours. The polymerization was conducted for 12 hours total, after which the reaction 
mixture was cooled to room temperature and the post-polymerization additions were made and the end-product reac- 
tion mixture was stirred for additional 15 minutes. The final reaction mixture had an approximate viscosity of about 120 
mPa • s (cps) Brookfield. The polymer produced had an Intrinsic Viscosity of 17.1 dl/g and a Reduced Specific viscosity 
of 20.1 in 0.125 molar sodium nitrate solution. The concentration of monomer residuals were about 1700 ppm acryla- 

40 mide, less than 100 ppm DMAEA.BCQ and DMAEA.MCQ, The reaction mixture components and the torque on the stir- 
ring means at time intervals, and at times the reaction mixture viscosity (using the #3 spindle at 12 rpm), versus time 
after the initiation of the polymerization are set forth below in Tables 6 and 7. 
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Table 6 



5 



Comparative Example B 


Ingredients 


Amount (grams) 


initial Charge 


Poly(DMAEA.MCQ) 20% actives 


15 


Dl Water 


146.2 


Ammonium sulfate 


45.9 


Glycerol 


1.8 


Acryiamide (100% actives) 


20.8 


DMAEA.BCQ (80% actives) 


38 


DMAEA.MCQ (80% actives) 


11.04 


V-50(1%) 


0.6 


Total Reaction Mixture At Time of Maximum Viscosity: 


279.34 


At Reaction Time * 4 Hours 


V-50 (1%) 


0.6 


At Rection Time = 1 2 Hours 


Ammonium Sulfate 


21.3 


Acetic Acid 


2.96 


Total Reaction Mixture 


304.2 



30 



Table 7 





Comparative Example B 




Time (hr;min) 


Torque (dyne-cm) 


Viscosity in mPa • s (cps BF) 




0:00 


380 


12 


40 


0:5 


412 






0:10 


450 






0:22 


> 3,820 


> 500,000 


45 


0:35 


> 4,020 


(exceeds Brookfield range) 




0:45 


> 3,820 






0:55 


> 3,426 






1:05 


> 3,463 




50 


1:40 


2,018 


16,000 




2:00 


1,926 






3:00 


1,930 




55 


4:00 


1,868 






12:00 


928 


5,600 




12:20 


462 


120 
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Comparative Examples Q ano" D 



Two attempts to conduct a 30 weight percent actives batch dispersion polymerization of an acryta- 
mide/DMAEA,BCQ/DMAEA.MCQ terpolymer (65/25/10 mole ratio) were made. In Comparative Example C the reaction 

5 was carried out at 50 °C with stirring at 400 rpm, the reaction being initiated at this reaction temperature with the addi- 
tions of an initiator. After 1 hour 35 minutes of polymerization time, the reaction mixture viscosity rose to higher than 
100,000 mPa • s (cps Brookfieid). The reaction mixture gelled 15 minutes later, and then after another 10 minutes the 
torque on the stirring means was so great that the stirrer motor burned out. The polymerization reaction was abandoned 
at that time. In Comparative Example D the polymerization of Comparative Example C above was repeated except that 

10 the initial aliquot of initiator was decreased by about 40 percent, the Dl water charge was slightly decreased and the 
reaction was conducted at 45 °C. The reaction mixture of this Comparative Example D also gelled and the reaction was 
abandoned after 2 hours of polymerization due to the gel formation. The reaction mixture constituents charged before 
the reactions were terminated, and the torque on the stirring means and reaction mixture viscosity (using the #3 spindle 
at 12 rpm) versus time after the initiation of the polymerizations, are set forth below in Tables 8 and 9 below for Com- 

15 parative Examples C and D. 



Table 8 



Comparative Examples C and D 


Ingredients 


Amount (grams) 


Initial Charge 




Comp. Ex. C 


Comp. Ex. D 


Poly(DMAEA.MCQ) 20% actives 


75 


75 


Dl Water 


400 


399 


Ammonium sulfate 


110 


110 


Glycerol 


9 


9 


Acrylamide (100% actives) 


104.01 


104.01 


DMAEA.BCQ (80% actives) 


190.17 


190.17 


DMAEA.MCQ (80% actives) 


54.32 


54.32 


V-50 (1%) 


5 


3 


Total Reaction Mixture. Before Abandonment: 


947.5 


944.5 



40 

Table 9 



Comparative Examples C and D 


Time (hr;min) 


Comparative Example C 


Comparative Example D 




Torque (dyne-cm) 


Viscosity in mPa • s 
(cps BF) 


Torque (dyne-cm) 


Viscosity in mPa • s 
(cpsBF) 


0:00 


240 


16 


522 


15 


0:5 






546 




0:10 






586 




0:15 


388 








052 






660 




0:35 






1.100 




0:45 






1,900 
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Table 9 (continued) 





Comparative Examples C and D 




Time (hr;min) 


Comparative Example C 


Comparative Example D 


5 




Torque (dyne-cm) 


Viscosity in mPa*s 


Torque (dyne-cm) 


Viscosity in mPa-s 








(cpsBF) 




(cpsBF) 




0:55 






2,420 






1:00 


446 








10 


1:05 






29,200 


> 100,000 




1:15 


930 










1:20 


1,190 








15 


1:30 


2,390 










1:35 


3,420 


> 100,000 








1:40 






3,960 






1:50 


3,920 


(gelled) 






20 


2:00 


(motor burned) 




39,900 


(gelled) 



Definitions 



25 By "mer unit" is meant herein a segment of a polymer derived from a monomeric specie that contains two backbon e 
carbons. 

"Versene" is a trademark of the Dow Chemical Corporation for a series of chelating agents based on ethylenedi- 
aminetetraacetic acid, and it is included in the polymerizations described in the Examples and Comparative Examples 
hereof as a monomer stabilizer. The specific Versene chelating agent used in the Examples and Comparative Exam- 
30 pies was Versene 50®. 

The polymer(s) employed in the present process and the polymer prepared thereby are water-soluble. The degree 
of water solubility required of a polymer to be considered a water-soluble polymer can of course vary among the tech- 
nical fields in which polymers are used. The degree of water solubility of an array of polymers might be defined in terms 
of the water solubilities of their monomers, the mole ratios of these monomers, the extent of any cross-linking or mer 

35 unit interactions, their conformations, their charge densities, their weight average molecular weights, their intrinsic vis- 
cosities, their reduced specific viscosities and combinations of these and like parameters. Defining a degree of water 
solubility of a class of polymers by one or more of such parameters at times may be cumbersome and of little value in 
those instances when the parameter(s) in issue are not known. For purposes of the present invention the degree of 
water solubility possessed by polymers described herein as "water-soluble" is preferably defined in terms of the viscos- 

40 ity of its aqueous solutions, regardless of whether or not the polymer is used in an aqueous solution. By "water-soluble 
polymer" is meant herein, and is understood generally in the water-treatment field, that an aqueous solution of the pol- 
ymer having a neutral pH value within the range of about 6 to a bout 7.5, at a polymer actives concentration no lower 
than about 0.5 or 1 weight percent, is reasonably fluid, and preferably has a viscosity of no more than about 5,000 to 
20,000 mPa*s (cps Brookfield), at ambient room temperature (from about 23 to about 26 °C). Such water solubility 

45 characteristic generally does not create a molecular weight or Intrinsic Viscosity ceiling because even acrylamide 
homopolymers, substantially free of any electrolytic groups, meet such a standard at the high molecular weights that 
can now be provided by conventional synthesis techniques, provided the polymer is substantially linear. 

By the general terminology "soluble" is meant herein that a specie(s) is soluble in the respective fluid designated at 
least to the degree of its concentration as used therein in the application of the present invention. 

so Unless expressly indicated otherwise herein, the inclusion of a prefix or suffix in parenthesis designates the word 
with such prefix or suffix as an alternative. For example, "polymers)" means "polymer and/or polymers", "(meth)acry- 
lamide" means "acrylamide and/or methacrylamide". 

There is no need generally for the inclusion of any conventional surface active agent, such as a surfactant or deter- 
gent, in the process of the present invention for purposes of forming and/or retaining the polymer dispersion form. No 

55 such agent would generally be added except possibly as a post-polymerization addition for stabilization of the polymer 
dispersion, for instance upon dilution or in contemplation of destabilizing environmental impacts, and a post-polymeri- 
zation stabilization with a conventional surface active agent would nonetheless be an unpreferred embodiment of the 
present invention. The terminologies 'conventional surface active agent", "conventional surfactant" "surface active 
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agent" and "surfactant" as used herein, and as generally understood in the present technical field, means a relatively 
low molecular weight chemical specie that has distinct hydrophilic and hydrophobic sections. Such agents are generally 
not polymeric except for sections thereof that have repeating alkoxy units, such as polyethylene oxide or polypropylene 
oxide sections. While a very broad definition of surface active agent may in some instances include polymers such as 

5 the water-soluble polymers used in the present invention, the terminology of conventional surface active agent does not 
include such polymers. As a generality, one can distinguish such species by molecular weight, and conventional surface 
active agents would not have molecular weight approaching 500,000, and even a molecular weight celling of 100,000, 
or 50,000, would be excessively high to define such agents. In preferred embodiment the polymerization reaction mix- 
ture used in the present invention does not include any surface active agent of less than 50,000 molecular weight other 

w than the water-soluble polymers required to form and maintain the polymer dispersion form. 

Unless expressly indicated otherwise herein, percentages are percentages by weight and solutions are aqueous 
solutions. 

Claims 

15 

1 . A process for preparing a water-continuous dispersion of a water-soluble polymer that has not only a low end-prod- 
uct viscosity and permits rapid dissolution of the polymer in water but also provides control over the peak-in pro- 
duction viscosity parameter, the process comprising 

20 polymerizing a water-soluble monomer in an aqueous reaction mixture, containing a polyvalent anionic salt, at 

least one polymeric dispersant, optionally a low molecular weight polyhydric organic alcohol and optionally a 
preformed polymer seed, 

wherein said water-soluble monomer, said polyvalent anionic salt, said polymeric dispersant and said polyhy- 
dric organic alcohol, if any, are solutes of said aqueous reaction mixture, and said preformed polymer seed, if 
25 any, is insoluble in said aqueous reaction mixture, 

wherein the water-soluble polymer formed during said polymerization is insoluble in the aqueous reaction mix- 
ture at the concentration thereof formed during the polymerization, and 

wherein a portion of said monomer is fed to said aqueous reaction mixture after said polymerization reaction 
has been initiated. 

30 

2. The process of claim 1 wherein at least 5 weight percent of said water-soluble monomer is present in said aqueous 
reaction mixture when said polymerization is initiated, the remainder of said monomer being added to said aqueous 
reaction mixture during said polymerization. 

35 3. The process of claim 1 or 2 wherein said water-soluble polymer formed during said polymerization has a weight 
average molecular weight of at least about 1,000. 

4. The process of any of claims 1 to 3 wherein the concentration of said water-soluble monomer in said aqueous reac- 
tion mixture at the time said polymerization process is initiated is from 3 to 30 weight percent based on the total 

40 weight of said aqueous reaction mixture at the time of said polymerization , and 

wherein the remainder of said monomer is added to said reaction mixture within the first half of the total polymeri- 

zation reaction time period. 



5. The process of any of claims 1 to 4 comprising 

45 

polymerizing said water-soluble monomer feed in an aqueous solution of said polyvalent anionic salt in the 
presence of a water-soluble polymeric dispersant which is soluble in said aqueous solution of a polyvalent ani- 
onic salt; 

wherein the conditions of said polymerization are sufficient to polymerize said monomer feed to a water-solu- 
so ble polymer that is insoluble in said aqueous solution of a polyvalent anionic salt; and 

wherein only a portion of said monomer feed is present in said aqueous solution of a polyvalent anionic salt 
when said polymerization is initiated, the remainder of said monomer feed being added to said aqueous solu- 
tion of polyvalent anionic salt during said polymerization process, and 

wherein said water-soluble polymeric dispersant and water-soluble polymer prepared by said polymerization 
55 process are both cationic polymers. 

6. The process of claim 5 wherein at least 5 weight percent of said monomer feed is present in said aqueous solution 
of a polyvalent anionic salt at the time polymerization thereof is initiated, and at least 1 5 weight percent of said mon- 
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omer feed is added to said aqueous solution of polyvalent anionic salt during said polymerization process. 

7. The process of claim 5 or 6 wherein said aqueous solution of polyvalent anionic salt contains at least a polymer- 
insolubility-threshold concentration of said monomer feed at the time said polymerization process is initiated 

5 whereby a concentration of said monomer feed that is equivalent to at least the minimum concentration of said 
monomer feed's polymeric reaction product at which precipitation of said polymeric reaction product will be seen in 
said environment of said aqueous solution of a polyvalent anionic salt at the time of said polymerization initiation. 

8. The process of any of claims 5 to 7 wherein said reaction mixture contains at least 3 weight percent of said mono- 
10 mer feed at the time said polymerization is initiated. 

9. The process of any of claims 7 or 8 wherein said concentration of said monomer in said aqueous solution of a poly- 
valent anionic salt at the time of polymerization initiation is from n to 20 n, wherein n is said polymer-insolubility- 
threshold concentration for such monomer feed in said reaction mixture. 

75 

10. The process of any of claims 5 to 9 wherein said portion monomer feed added to said aqueous solution of a poly- 
valent anionic salt after said initiation of said polymerization is added within the first half of the total polymerization 
reaction time period and is fully added within a time period of from 0.025 m to 0.25 m f wherein m is said total time 
period of said polymerization reaction. 

20 

11. The process of any of claims 1 to 10 for preparing a water-continuous dispersion of a water-soluble cationic poly- 
mer by polymerizing a water-soluble monomer feed to form a water-soluble cationic polymer in an aqueous polym- 
erization mixture in which said water-soluble cationic polymer is not fully soluble, comprising: 

25 feeding said water-soluble monomer to said polymerization reaction mixture by a first and a second technique, 

said first technique being a batch technique comprising the addition of a portion of said water-soluble monomer 
to said aqueous polymerization mixture as an in\M monomer feed before polymerization is initiated, 
said second technique being a post-initiation technique whereby a portion of said water-soluble monomer is 
added to said aqueous polymerization mixture as a post-initiation monomer feed, 

30 initiating said polymerization at a time when said initial monomer feed is present in said aqueous polymeriza- 

tion mixture, 

wherein said aqueous polymerization mixture is comprised of an aqueous solution of a polyvalent anionic salt, 
wherein said polymerization is carried out in said presence of a water-soluble cationic polymer which is soluble 
in said aqueous solution of a polyvalent anionic salt, 
35 continuing said polymerization during the time said post-initiation monomer feed is added to said polymeriza- 

tion reaction mixture, and 

terminating said polymerization when at least about 95 weight percent of said monomer has been converted 
to polymer. 

40 12. The process of claim 1 1 wherein a polyhydric alcohol in the amount of from 0 to 10 parts by weight per hundred 
parts by weight of said total monomer feed is present in said aqueous polymerization mixture when polymerization 
is initiated. 



13. The process of claim 1 1 Oder 12 wherein said polyvalent anionic salt is present throughout said aqueous polymer- 
45 ization mixture in an amount of from 1 5 to 20 percent by weight based on the total weight of said reaction mixture 

at any given point during said polymerization reaction. 

14. The process of any of claims 1 1 to 1 3 wherein said polymeric dispersant is present in said aqueous polymerization 
mixture in an amount of from 2 to 1 0 parts by weight per 1 00 parts by weight of said total monomers feed, and has 

so a weight average molecular weight of at least about 50,000. 

15. The process of any of claims 11 to 1 4 wherein said water-soluble monomer feed contains at least 5 mole percent 
of a cationic monomer of formula I 

55 
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I 

5 

0 = c 



10 

Formula I 

15 

wherein 

R-i isHorCH 3 ; 

R 2 and R 3 are each independently an alkyl group having 1 or 2 carbon atoms; 
20 A 1 is an oxygen atom or N H; 

B 1 is an alkylene group having from 2 to 4 carbon atoms or a hydroxypropylene group and 
Xj e is a counter anion. 

16. The process of any of claims 1 1 to 15 wherein said polymeric dispersant is present in said aqueous polymerization 
25 mixture in an amount of from 2 to 1 0 parts by weight per 1 00 parts by weight of said water-soluble monomer feed. 

17. The process of any of claims 11 to 16 wherein said monomer feed is comprised of at least 5 mole percent of cati- 
onic monomer of said formula I and the balance of said monomer is acrylamide, methacrylamide, a cationic mon- 
omer other than said cationic monomer of said formula I or combinations thereof. 

30 

18. The process of any of claims 1 1 to 1 7 wherein said polymeric dispersant is comprised of at least 20 mole percent 
of cationic mer units. 

19. The process of any of claims 1 1 to 18 wherein said polymeric dispersant contains at least 20 mole percent of catl- 
35 onic mer units represented by formula Ha 

H R f ' 

I ' 

C - C -J- Rj 

I ! 

o = c - a; - b; - n© - v .x/ e 



Formula Ha 



wherein 

55 R 4 , isHoderCH 3 ; 

R5 und Re' are each an aJkyl group having 1 or 2 carbon atoms; 
R/ is a hydrogen atom or an alkyl group having 1 to 2 carbon atoms; 
V is an oxygen atom or NH; 




40 



V 
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B2 is an alkylene group having from 2 to 4 carbon atoms or a hydroxypropylene group and 
X^ 6 is a counter anion. 

20. The process of any of claims 1 1 to 19 wherein said monomer feed is from 15 to 45 percent by weight based on the 
5 total weight of said polymerization reaction mixture at the time said polymerization is terminated, excluding post- 
polymerization additives. 

PatentansprQche 

10 1 . Verfahren zur Herstellung einer Dispersion eines wasserlfislichen Polymers in Wasser als kontinuierlicher Phase, 
wobei das Polymer nicht nur eine niedrige Endprodukt-Vlskositat aufweist und die schnelle Auflfisung des Poly- 
mers in Wasser erlaubt, sondern auch den Spitzenwert des Viskositatsparameters wahrend der Bildung kontrol- 
liert, wobei das Verfahren umfaBt 

is das Polymerisieren eines wasserlfislichen Monomers in einer waBrigen Reaktionsmischung, die ein polyvalen- 

tes anionisches Salz, mindestens ein polymeres Dispergiermittel, gegebenenfalls einen organtschen Polyhy- 
droxyalkohol mit niedrigem Moiekulargewicht und gegebenenfalls einen vorher gebildeten Polymer-lmpfkeim 
enthait, 

wobei das genannte wasserlfisliche Monomer, das genannte polyvalente anionische Salz, das genannte poly- 
20 mere Dispergiermittel und der genannte organische Polyhydroxyalkohol, falls vorhanden, in der genannten 

waBrigen Reaktionsmischung gelfiste Stoffe sind und der genannte, vorher gebildete Polymer-lmpfkeim, falls 
vorhanden, in der genannten waBrigen Reaktionsmischung un!6slich ist, 

wobei das wahrend der Polymerisation gebildete wasserlfisliche Polymer in der waBrigen Reaktionsmischung 
bei der Konzentration, in der es wahrend der Polymerisation gebildet wird, unlfislich ist und 
25 wobei ein Teil des genannten Monomers der genannten waBrigen Reaktionsmischung zugefuhrt wird, nach- 

demdie Polymerisationsreaktion initiiert worden ist. 

2. Verfahren nach Anspruch 1, wobei mindestens 5 Gew.-% des genannten wasserlfislichen Monomers in der 
genannten waBrigen Reaktionsmischung vorliegen, wenn die Polymerisation initiiert wird, und der Rest des 

30 genannten Monomers der waBrigen Reaktionsmischung wahrend der Polymerisation zugegeben wird. 

3. Verfahren nach Anspruch 1 oder 2, worin das genannte, wahrend der Polymerisation gebildete wasserlfisliche 
Polymer ein gewicrrtsdurchschnittliches Moiekulargewicht von mindestens etwa 1000 aufweist. 

35 4. , Verfahren nach einem der Anspruche 1 bis 3, worin die Konzentration des genannten wasserlfislichen Monomers 
in der genannten waBrigen Reaktionsmischung zu dem Zeitpunkt, zu dem der Polymerisations-ProzeB initiiert 
wird, 3 bis 30 Gew.-% betragt, bezogen auf das Gesamtgewicht der waBrigen Reaktionsmischung zum Zeitpunkt 
der Polymerisation, und 

der Rest des genannten Monomers der genannten Reaktionsmischung innerhalb der ersten Haifte der gesamten 
40 Polymerisations-Reaktionsperiode zugegeben wird. 

5. Verfahren nach einem der Anspruche 1 bis 4, das unitaQt 



das Polymerisieren der genannten wasserlfislichen Monomer-Beschickung in einer waBrigen Lfisung des 
45 genannten polyvalenten anionischen Salzes in Gegenwart eines wasserlfislichen polymeren Dispergiermittels, 

das in der genannten waBrigen Lfisung eines polyvalenten anionischen Salzes Ifislich ist; 
wobei die Becfingungen der Polymerisation ausreichen, um die genannte Monomer-Beschickung zu polymeri- 
sieren unter Bildung eines wasserlfislichen Polymers, das in der genannten waBrigen Lfisung eines polyvalen- 
ten anionischen Salzes unlfislich ist; und 
so wobei nur ein Teil der genannten Monomer-Beschickung in der genannten waBrigen Lfisung eines polyvalen- 

ten anionischen Salzes vortiegt. wenn die genannte Polymerisation initiiert wird, und der Rest der genannten 
Monomer-Beschickung der genannten waBrigen Lfisung des polyvalenten anionischen Salzes wahrend des 
Polymerisationsprozesses zugegeben wird, 

wobei das genannte wasserlfisliche polymere Dispergiermittel und das wasserlfisliche Polymer, das durch den 
55 genannten Polymerisations-ProzeB hergestellt wird, beide kationische Polymere sind. 

6. Verfahren nach Anspruch 5, worin mindestens 5 Gew.-% der genannten Monomer-Beschickung in der genannten 
waBrigen Lfisung eines polyvalenten anionischen Salzes zu dem Zeitpunkt vorliegen, zu dem die Polymerisation 
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derselben initiiert wird, und mindestens 15 Gew.-% der genannten Monomer-Beschickung der genannten waBri- 
gen LOsung des poiyvalenten anionischen Salzes wahrend des Polymerisationsprozesses zugegeben werden. 

7. Vertahren nach Anspruch 5 Oder 6, worin die genannte waBrige Losung des poiyvalenten anionischen Salzes min- 
5 destens eine Polymer-UnlGslichkeitsSchwellenwert-Konzentration der genannten Monomer-Beschickung zu dem 

Zeitpunkt, zu dem der PolymerisationsprozeB initiiert wird, und dadurch eine Konzentration der genannten Mono- 
mer-Beschickung enthait, die mindestens der Minimal-Konzentration der Monomer-Beschickung in dem polymeren 
Reaktionsprodukt entspricht, bei der eine Ausfailung des genannten polymeren Reaktionsprodukts in der Umge- 
bung der genannten waBrigen Losung eines poiyvalenten anionischen Salzes zum Zeitpunkt der Initiierung der 
10 Polymerisation sichtbar wird. 

8. Verfahren nach einem der AnsprOche 5 bis 7, worin die genannte Reaktionsmischung mindestens 3 Gew.-% der 
genannten Monomer-Beschickung zu dem Zeitpunkt enthait zu dem die Polymerisation initiiert wird. 

is 9. Verfahren nach einem der Anspruche 7 oder 8, worin die genannte Konzentration des genannten Monomers in der 
genannten waBrigen Losung eines poiyvalenten anionischen Salzes zum Zeitpunkt der Initiierung der Polymerisa- 
tion n bis 20 n betrSgt, wobei n die Polymer-Unloslichkeits-Schwellenwert-Konzentration fOr eine solche Monomer- 
Beschickung in der genannten Reaktionsmischung ist. 

20 10. Verfahren nach einem der Anspruche 5 bis 9, worin der genannte Anteii der Monomer-Beschickung, welcher der 
genannten waBrigen LOsung eines poiyvalenten anionischen Salzes zugegeben wird, nachdem die Initiierung der 
Polymerisation durchgefuhrt worden ist, innerhalb der ersten Haifte der gesamten Polymerisations-Reaktionszeit 
zugegeben wird und innerhalb eines Zertraums von 0,025 m bis 0,25 m vollstfindig zugegeben wird, wobei m die 
gesamte ReaktionsdauerfOr die Polymerisationsreaktion ist. 

25 

1 1 . Verfahren nach einem der AnsprOche 1 bis 1 0 zur Herstetag einer Dispersion eines wasserloslichen kationischen 
Polymers in Wasser als kontinuierlicher Phase durch Poiymerisieren einer wasserloslichen Monomer-Beschickung 
unter Bildung eines wasserloslichen kationischen Polymers in einer waBrigen Polymerisationsmischung, in der das 
genannte wasserlosliche kationische Polymer nicht voilstdndig IGsIich ist, wobei das Verfahren umfaBt: 

30 

die Zufuhrung des genannten wasserloslichen Monomers zu der genannten Polymerisationsreaktionsmi- 
schung nach einer ersten und einer zweiten Methods, 

wobei die genannte erste Methode eine Batch-Methode ist, die umfaBt die Zugabe eines Teils des genannten 
wasserloslichen Monomers zu der genannten waBrigen Polymerisationsmischung als anfangliche Monomer- 

35 Beschickung, bevor die Polymerisation initiiert wird, und 

die zweite Methode eine Methode nach der Initiierung ist, wodurch ein Teil des genannten wasserloslichen 
Monomers der genannten waBrigen Polymerisationsmischung als Monomer-Beschickung nach der Initiierung 
zugegeben wird, das Initiieren der Polymerisation zu dem Zeitpunkt, wenn die genannte anfangliche Mono- 
mer-Beschickung in der genannten waBrige Polymerisationsmischung vorliegt, 

40 wobei die genannte waBrige Polymerisationsmischung aus einer waBrigen Losung eines poiyvalenten anioni- 

schen Salzes besteht, 

die genannte Polymerisation in Gegenwart eines wasserloslichen kationischen Polymers durchgefuhrt wird, 
das in der genannten waBrigen Losung eines poiyvalenten anionischen Salzes losiich ist, 
die genannte Polymerisation wahrend der Zeit, wahrend der die Monomer-Beschickung nach der Initiierung zu 
45 der genannten Polymerisationsreaktionsmischung zugegeben wird, fortgesetzt wird, und 

die Polymerisation beendet wird, wenn mindestens etwa 95 Gew.-% des Monomers in das Polymer umgewan- 
dert worden sind. 

12. Verfahren nach Anspruch 1 1, worin ein Polyhydroxyalkohol in einer Menge von 0 bis 10 Gew.-Teilen auf 100 Gew.- 
50 Teile der gesamten Monomer-Beschickung in der genannten waBrigen Polymerisationsmischung vorhanden ist, 

wenn die Polymerisation initiiert wird. 

13. Verfahren nach Anspruch 11 oder 12, worin das genannte polyvalente anionische Salz innerhalb der gesamten 
waBrigen Polymerisationsmischung in einer Menge von 15 bis 20 Gew.-%, bezogen auf das Gesamtgewicht der 

55 Reaktionsmischung, zu einem gegebenen Zeitpunkt wahrend der Polymerisationsreaktion vorliegt. 

14. Verfahren nach einem der Anspruche 11 bis 13, worin das genannte polymere Dtspergiermrttef in der genannten 
waBrigen Polymerisationsmischung in einer Menge von 2 bis 10 Gew.-Teilen auf 100 Gew.-Teile der gesamten 
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Monomer-Beschickung voriiegt und ein gewichtsdurchschnittliches Molekulargewicht von mindestens etwa 50 000 
aufweist 

15. Verfahren nach einemder Anspruche 1 1 bis 14, worin die genannte wasserlflsliche Monomer-Beschickung minde- 
5 stens 5 Mol-% eines kationischen Monomers der Formel (I) enthait 



CH X « C - " R, Rx 



10 




*3 

Formel (I) 



worin bedeuten: 

20 

R 1 HoderCH 3 ; 

R 2 und R3 jeweils unabhangig voneinander eine Alkylgruppe mit 1 Oder 2 Kohlenstoffatomen; 

A 1 ein Sauerstoffatom oder NH; 

Bt eine Alkylengruppe mit 2 bis 4 Kohlenstoffetomen oder eine Hydroxypropylengruppe und 

25 Xi 9 ein Gegenanion. 

16. Verfahren nach einem der Anspruche 11 bis 15, worin das genannte polymere Dispergiermittel in der genannten 
waBrigen Polymerisationsmischung in einer Menge von 2 bis 10 Gew.-Teilen auf 100 Gew.-Teile der genannten 
wasseri6slichen Monomer-Beschickung voriiegt. 

30 

17. Verfahren nach einem der Anspruche 1 1 bis 16, worin die genannte Monomer-Beschickung aus mindestens 5 Mol- 
% des kationischen Monomers der genannten Formel (i) besteht und der Rest der genannten Monomer-Beschik- 
kung aus Acrylamid, Methacrylamid, einem von dem genannten kationischen Monomer der Formel (I) verschiede- 
nen kationischen Monomer Oder Kombinationen davon besteht. 

35 

18. Verfahren nach einem der Anspruche 1 1 bis 17, worin das genannte polymere Dispergiermittel aus mindestens 20 
Mol-% kationischen Mer-Einheiten besteht. 



1 9. Verfahren nach einem der Anspruche 11 bis 1 8, worin das genannte polymere Dispergiermittel mindestens 20 Mol- 
40 % kationische Mer-Einheiten der Formel (Ha) enthait: 



-fi ftr 

C " C ** 
0 = C - Ax - B * 

Formel (Ha) 



50 



55 

worin bedeuten: 



HoderCHa; 
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10 



R 5 ' und Rg' jeweiis eine Aikylgruppe mit 1 Oder 2 Kbhlenstoflatomen; 

R 7 * ein Wasserstoflatom Oder eine Aikylgruppe mit 1 bis 2 Kohlenstoffetomen; 

Ag ein Sauerstoffatom oder NH; 

B2' eine Alkylengruppe mit 2 bis 4 Kohlenstoffatomen Oder eine Hydroxypropyiengruppe und 

X-f 9 ein Gegenanion. 

20. Verfahren nach einem der AnsprQche 1 1 bis 19, worin die genannte Monomer-Beschickung 15 bis 45 Gew.-% des 
Gesamtgewichts der Polymerisationsreaktionsmtschung zum Zeitpunkt der Beendigung der Polymerisation, aus- 
genommen die Zusatze nach der Polymerisation, ausmacht . 

Revendications 



1 . Proc6d6 pour la preparation d'une dispersion dans de I'eau en tant que phase continue d'un polymere soluble dans 
I'eau, le polymere presentant non seulement une basse viscosity de produit final et permettant une dissolution 

15 rapide du polymere dans I'eau, mais contreiant egalement la valeur de pointe du parametre de viscosite lors de la 
formation, le proc6d6 comprenant 

la polymerisation d'un monomere soluble dans I'eau dans un melange aqueux de reaction comprenant un sel 
anionique polyvalent, au moins un agent dispersant polymere, eventuellement un polyalcool organique avec 
20 un bas poids moleculaire, et Eventuellement un germe de polymere pr&orme, 

ledit monomere soluble dans I'eau, ledit sel anionique polyvalent, ledit agent dispersant polymere et ledit poly- 
alcool organique, si present, etant des solutes dudit melange aqueux de reaction, et ledit germe de polymere 
preforme, si present, etant insoluble dans ledit melange aqueux de reaction, 

le polymere soluble dans I'eau forme au cours de ladrte polymerisation etant insoluble dans le melange aqueux 
25 de reaction a la concentration du polymere formee au cours de la polymerisation, et 

une portion dudit monomere etant ajoutee audit melange aqueux de reaction apres Initiation de ladite reaction 
de polymerisation. 

2. Proc6d6 selon la revendication 1 , dans lequel au moins 5% en poids dudit monomere soluble dans I'eau sont pr§- 
30 sents dans ledit melange aqueux de reaction lorsque ladite polymerisation est inittee, le restant dudit monomere 

etant additionne audit melange aqueux de reaction au cours de ladite polymerisation. 

3. Procede selon ia revendication 1 ou 2, dans lequel ledit polymere soluble dans i'eau forme au cours de ladite poly- 
merisation a un poids moleculaire moyen ponderal d'au moins environ 1000. 

35 

4. Proc6d6 selon I'une quelconque des revendications 1 a 3, dans lequel la concentration dudit monomere soluble 
dans I'eau dans ledit melange aqueux de reaction au moment ou ledit procede de polymerisation est in'i^ range 
de 3 a 30% en poids par rapport au poids total dudit melange aqueux de reaction au moment de ladite polymeri- 
sation, et 

40 dans lequel le restant dudit monomere est ajoute audit melange de reaction pendant la premiere moitie de la 
periode totale de reaction de polymerisation. 



5. Procede selon I'une quelconque des revendications 1 a 4, comprenant la polymerisation de ladite charge en mono- 
mere soluble dans i'eau dans une solution aqueuse dudit sel anionique polyvalent en presence d'un dispersant 

45 polymere soluble dans I'eau qui est soluble dans ladite solution d'un sel anionique polyvalent; 

dans lequel les conditions de ladite polymerisation sont suffisantes pour poiymeriser ladite charge en monomere 
en un polymere soluble dans I'eau qui est insoluble dans ladite solution aqueuse d'un sel anionique polyvalent; et 
dans lequel seulement une portion de ladite charge en monomere est presente dans ladite solution aqueuse d'un 
sel anionique polyvalent lorsque ladite polymerisation est initi6e, le restant de ladite charge en monomere etant 

50 ajoute a ladite solution aqueuse d'un sel anionique polyvalent pendant ledit procede de polymerisation, et 

dans lequel ledit dispersant polymere soluble dans I'eau et ledit polymere soluble dans i'eau forme par ledit pro- 
cede de polymerisation sont tous les deux des polymeres cationiques. 

6. Proc6d6 selon la revendication 5, dans lequel au moins 5% en poids de ladite charge en monomere sont presents 
55 dans ladite solution aqueuse d'un sel anionique polyvalent au moment ou sa polymerisation est initiee, et au moins 

15% en poids de ladite charge en monomere sont ajoutes a ladite solution aqueuse d'un sel anionique polyvalent 
pendant ce procede de polymerisation. 
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7. Proced6 selon la revendication 5 ou 6, dans lequel ladite solution aqueuse d'un set anionique polyvalent contient 
au moins une concentration de seuil de I'insolubilite du polymere de ladite charge en monomere au moment ou 
ledit proc6de de polymerisation est initie, par laquelle une concentration de ladite charge en monomere est pre- 
sents qui correspond a au moins la concentration minimale du produit de reaction polymere de ladite charge en 

5 monomere lors de laquelle une precipitation dudit produit de reaction polymere apparait dans ledit environnement 
de ladite solution aqueuse d'un sel anionique polyvalent au moment de I'initiation de la polymerisation. 

8. Procede selon I'une quelconque des revendications 5 a 7, dans lequel ledit melange de reaction contient au moins 
3% en poids de ladite charge en monomere au moment de I'in'rtiatiqn de ladite polymerisation. 

10 

9. Procede selon Tune quelconque des revendications 7 ou 8, dans lequel ladite concentration dudit monomere dans 
ladite solution aqueuse d'un sei anionique polyvalent au moment de Unitiation de la polymerisation est de n a 20 
n, n etant ladite concentration de seuil de I'insolubilite du polymere pour une telle charge en monomere dans ledit 
melange de reaction. 

15 

1 0. Procede selon Tune quelconque des revendications 5 a 9, dans lequel ladite portion de charge en monomere ajou- 
tee a ladite solution aqueuse d'un sel anionique polyvalent apres ladite initiation de ladite polymerisation est ajou- 
tee pendant la premiere moitie de la periode totale de reaction de polymerisation et est ajoutee au total pendant 
une periode de 0,025 m a 0,25 m, m etant ladite periode totale de ladite reaction de polymerisation. 

20 

11. Procede selon I'une quelconque des revendications 1 a 10 pour la preparation d'une dispersion dans de I'eau en 
tant que phase continue d'un polymere cationique soluble dans I'eau en polymerisant une charge en monomere 
soluble dans I'eau pour former un polymere cationique soluble dans I'eau dans un melange aqueux de polymerisa- 
tion, dans lequel ledit polymere cationique soluble dans I'eau n'est pas complement soluble, le procede compre- 
ss nant: 

('addition dudit monomere soluble dans I'eau audit melange de reaction de polymerisation selon une premiere 
et une deuxieme technique, 

ladite premiere technique etant une technique de traitement par lots (batch) qui comprend I'addition d'une por- 
30 tion dudit monomere soluble dans I'eau audit melange de polymerisation soluble dans I'eau en tant que charge 

initiate de monomere avant Unitiation de la polymerisation, et 

la deuxieme technique etant une technique apres initiation, selon laquelle une portion dudit monomere solu- 
ble dans I'eau est ajoutee audit melange aqueux de polymerisation en tant que charge en monomere apres 
I'initiation, 

35 I'initiation de la polymerisation au moment ou ladite charge initiate de monomere est presente dans ledit 

melange aqueux de polymerisation, ledit melange aqueux de polymerisation etant constitue par une solution 
aqueuse d'un sel anionique polyvalent, 

ladite polymerisation etant effectu6e en presence d'un polymere cationique soluble dans I'eau qui est soluble 
dans ladite solution aqueuse d'un sel anionique polyvalent, 
40 ladite polymerisation etant continu6e durant la p6riode de temps pendant laquelle la charge en monomere 

apres initiation est ajoutee audit melange de reaction de polymerisation, et 

la polymerisation etant terminee lorsqu'au moins environ 95% en poids du monomere ont ete converts en 

polymenT 

45 12. Procede selon la revendication 1 1 , dans lequel un polyalcool est present dans une quantite de 0 a 10 parts en 
poids par rapport a 100 parts de ladite charge totale de monomere dans ledit melange aqueux de polymerisation 
lorsque la polymerisation est initiee. 

13. Precede selon la revendication 11 ou 12, dans lequel ledit sel anionique polyvalent est present partout dans le 
so melange aqueux de polymerisation dans une quantite de 15 a 20% en poids par rapport au poids total dudit 

melange de reaction a n'importe quel moment donne durant ladite reaction de polymerisation. 

14. Precede seJon Tune des revendications 11 a 13, dans lequel ledit agent dispersant polymere est present dans ledit 
melange aqueux de polymerisation dans une quantite de 2 a 1 0 parts en poids par rapport a 1 00 parts en poids de 

55 la charge totale de monomere et a un poids moieculaire moyen pond6ral d'au moins environ 50 000. 

15. Procede selon I'une quelconque des revendications 1 1 a 14, dans lequel ladite charge en monomere soluble dans 
I'eau contient au moins 5% en poids moieculaire d'un monomere cationique de ia formule (I): 
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15 



35 



40 



CH^ C — ' R, 
i 



0 = C - A, - B| - ^ - CHi ' - (p\ . X © 



i 



formule (I) 



dans laquelle 

R 1 est H ou CH 3 , 

R 2 et R 3 sont chacun indSpendamment un groupe alkyte avec 1 ou 2 atomes de caitone, 
20 A 1 est un atome d'oxygene ou NH, 

B 1 est un groupe alkylene avec 2^4 atomes de carbone ou un groupe hydroxypropyiene et 
X t e est un contre-anion. 

16. Proc6de selon Tune quelconque des revendications 11 & 15, dans lequel (edit dispersant polymere est present 
25 dans ledit melange aqueux de polymerisation dans une quantity de 2 & 10 parts en poids par rapport a. 100 parts 

en poids de ladite charge en monomere soluble dans I'eau. 

17. Proc6d6 selon Tune quelconque des revendications 11 ci 16, dans lequel ladite charge en monomere consiste en 
au moins 5% en poids moleculaire de monomere cationique de ladite formule I et le restant dudit monomere est 

30 constrtu6 par I'acrylamide, le mSthacrylamide, un monomere cationique different dudit monomere cationique de la 
formule (!) ou leurs combinaisons. 

18. Proc6d6 selon Tune quelconque des revendications 1 1 a 17, dans lequel ledit dispersant polymere est constitue* 
par au moins 20% de poids moleculaire d'unit6s -meres cationiques (cationic mer units). 



19. Proc6d6 selon Tune quelconque des revendications 1 1 a, 18, dans lequel ledit dispersant polymere contient au 
moins 20% en poids moleculaire d'unites -meres cationiques representees par la formule Ha 



h r; 



^ — c - c 



45 



50 



0 = C - V - - N® " V ^ 

i 

formule (Ila) 



55 dans laquelle 



R4' est H ou CH 3 

R 5 ' et Re' sont chacun un groupe aikyle ayant 1 ou 2 atomes de carbone, 
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R 7 ' est un atome d'hydrogene ou un groups alkyle ayant 1 & 2 atomes de carbone, 
A 2 ' est un atome <f oxygene ou NH, 

B 2 ' est un groupe alkyle ayant 2 & 4 atomes de carbone ou un groupe hydroxypropylene et 
X^ e est un contre-anion. 

20. Precede selon Tune quelconque des revendications 11 & 19, dans lequel ladite charge en monomere est de 15 a 
45% en poids par rapport au poids total dudit melange de reaction de polymerisation au moment ou ladite polyme- 
risation est terminer, excluarrtdes additifs apres polymerisation. 



20 



25 



35 



40 



45 



50 



55 



35 



